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Tr>  1r*iea  th->  bun  of  a  aot  boK- tioal  systoo  for  aoouaulstlon i 
oliainatio r  of  carbon  •onoiid#  by  huaan  boinfa. 


During  tbo  paa;  too  jkiIci  rarloua  typo#  of  axpa.'laaeta  bar* 
boon  publiohod  by  difforont  e-cools  of  laraatlgatora  loal ’ng  ospoc J  *1 1/ 
(lth  tha  aocruaulalion  of  oarbot.  ■ntoild*  and  It*  ecablnattoc*  with  hooo- 
globin  In  adult  huaan  boiags.  i\a  rarloua  paraaattr*  wtuoh  lnt'luanoa 
carbon  aonoxlda  accumulation,  aa  wall  aa  lta  olial nation,  nara  hot  baan 
ooaplatal/  undaratood  or  odaquntaly  daaorlbad.  Ihla  mu  parhapa  hara 
ooourrad  baoauaa  of  particular  lntaraat  la  m,  or  at  tha  amt  two,  out 
of  aararal  paraaataru.  Whan,  howawar,  a  fairly  aaaplata  aat  of  pa ro~ 
aatara  ara  dor 1 rod,  It  boanaaa  poaalbla  to  daralop  a  aathaaatloal  ajrataa 
of  aoouaulatlocnallal nation  whloh  oan  ba  taatad  with  data  publlahad  by 
aararal  laboratoi loo.  Tha  ajrataa  oan  ha  aolrad  by  a  poroon  acquainted 
nth  algabralo  aathoda,  and  oaa  la  ahla  to  prodlnt  tha  laral  of  oarboxy- 
hoaoglobln  aa  a  function  of  tlaa  froa  tha  Initial  laral  of  onrboxyhano- 
globln,  tha  oonoantratlon  of  Inapt  rad  oarboa  aonoxlda  and  oxygon ,  axplr- 
atory  flow  rata,  total  body  hoaoglobln,  ao._  total  praaaura  of  gaa  braathad. 
Thooo  finding*  ougpoot  that  futuro  phjralologloal  tnrootigatlono,  ualng 
carbon  aonoxlda  aa  a  tracer,  should  lnoljda  tha  aaaauraaant  of  furthor 
paraartara  than  oftan  lncludod  to  dato.  Ixaaploa  ara  firm  of  tha  aathod 
of  oaloulatlon,  and  tela  la  uaad  to  llluatrata  tha  laportanea  of  oach  para- 
aator.  Although  aearooly  any  data  ara  arallabla  n  allalnatlon  of  oarbon 
aonoxlda.  It  la  furthar  shown  huw  tha  ajrataa  aajr  prod  lot  tha  rata  of 
oliadLnatlon,  oapaclally  who’,  using  tha  nawaat  aathod  of  trsstlng  carbon 
aonoxlda  poisoning  V  ooans  of  artiflelal  rantllatlon  with  purs  oxygon  at 
a  total  aablont  praaaura  of  two  ttaoapharaa. 
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lo  too  iadtMtrtol  roroiwt-w  od*»nc-oo  «r •  abroad* ,  mo ro  o4;U». 
HMdte  Ua  f  arowr  1/  Wtwn  pi-oiwood  thron'd  U*  lncoaplota  m*- 
too  non  of  car  boo  oonpoutAo.  ’u4*od ,  it  would  woil  to  tm  toot  too 
tonaooo  of  oqooiiro  to  tow  too  aaaocito  pelKitnf  too*  toon  laoroasiag 
ooor  tUM  too  tloo  of  uo  ft  rot  flroatoar.  Vito  too  adrcat  o'  qmA»m 
t+fmialoff  it  oooa  mo  pointed  mA,  to  Clauio  Jwraord  toot  onrton  OMoxllo 
too  o  (too  tor  t/fUl  t/  tooa  oxygon  for  ktoofloUo.  I  to  0*0004000  < 
towlal  ty,  to  loo  to*eO  Uto  that  of  anemia  mtlo,  ottrootoO  too  attention 
of  yl/tltlafl***  laterootod  lo.  among  otoor  IkiBft,  too  tosordo  of  oool 
aiming  «od  otoor  ladaatrlol  and  «fl«oorl^  opomtloaa  (l).  Automotive 
vofeioloo  wood  lo  roooot  wort  produoo  oortoe  non cilia,  amt  lo  too  otooooo 
of  odnguato  von tl lotion  tola  goo  ooo  ooouauloto  la  too  vahlolo.  tony 
too  to  portalaiag  to  aHlt«J7  aopooto  of  onrton  aoooxldo  woro  pabllobod 
la  1943  -  1946  (?).  Jmt  rooantly,  about  onm-tblrd  of  ’M  rlotloo  of 
fatal  oroobao  la  too  V.  3.  Air  Poroo  had  tloouo  and  blood  oaturatloo 
lowolo  la  aooooo  of  30  par  coax  ooraourbonoglobla  oron  la  too  otooooo 
of  flro  ood  aero  00  pool  ail/  «boo  flying  at  altltudoo  otoro  a  oom- 
rldorablo  proportion  of  cabin  air  would  boro  tooa  broatood  (3).  During 
1994  -  ’956  oar bon  non axil a  poisoning  ooeountod  for  3’0  odaloolono  for 
nodical  troataont  la  too  U.  3.  drop.  Itoro  woi-o  9?  loot  to  duo  to  oar  bon 
non axl do.  Ttooo  figures  arm  lowar  toon  actual  tooouoo,  If  axpoouro  bad 
ooeurrod  lo  no* lag  roMoloo,  too  0*000  would  boro  boon  roper  tod  00  0000 
t/po  of  notrr  vohlolaa  ooeldort  (?9).  Ito  lndloatod  tlt*o  of  a  Ruoolon 
ropert  con  to  ol  tod  00  showing  in  to  root  In  carbon  aon<uido  poisoning  In 
outer  opooo  travel  ( JO). 


Mwl  a*  aarbB<yt»a 4-ct.c  1  i«j~»r~i«  ’  tv«D  nan  nno 

Um  tnni  «T  mi  >njni  i1  in  I*  Umi  iki  amt  UVmm  um 

«arto«|aaH(l*ku  of  to*  mt|N  fra*  '  U  !  par  M*t  of  U*ir  UUl  mo 
float*!  •*<  t*u  mi  riM  to  par  out  i*  para—  utm  mka  turiljr  for 
tao-thlrda  or  nor*  a f  •  top.  Iriaf  braatfcl* *  af  all  r»ak  la  ark* 
aouiiUa  aad  t*a*  mtUMtaf  for  jf  ta  all  lain  oa  a  aara  41  lata  alitwra 
will  aftiataia  a  laaal  of  ’*>  par  cant  f*r>ng4aar|l>Mi  la  a  raauaboat 
aubjaat  at  a  olamatad  altltuda  of  '5,000  faat  U).  4  haarp  aaokar  (JL) , 
iko  m  a  ktillful  oaaarvar ,  a tar tad  tlla  taat  altb  a  laral  of  4.8  par 
aaat  oarbmyb aant 1  oblr.  abiob  iomi  raaa  ta  15  par  oaat.  la  rap  ar  tad  ao 
ajruptoaa  tartaf  Ui  ft  rat  kauri  "kot  t  Par  oaf  tar  appaara*  kaainka  Alak 
bioaaa  progroaa  aljr  aora  aarara,  laaraaalac  an4  alaoat  o  oaat  oat  aauaaa, 
aaataX  aaafuolaa,  raatlaaanaaa,  pallor,  aal4  artraaitlaa  oot  a  atata  af 
at  Id  ooboO  .  fbaaa  a/aptoao  laoraaaad  la  aaroriljr  «a  tlao  food".  Tba 
oarbourt  — culobla  lonral  «aa  aiaajra  oloaa  ta  ’5  par  ooat,  and  tba  oeablaad 
oogrbaaoclobla  and  oarkaqrkaasfloki*  laral  aaa  8)  par  oaat,  tka*  laaalog 
1?  par  oant  ci  raduaad  haaoploBln  aa  tka  axataalo  artarlal  alia,  twtkor 
ribjaet  (a),  rblla  at  10,000  faat  aad  at  a  laral  of  ’5  par  oaat  odrbwjr- 
kiooflobla  ouffarod  from  "ataadll/  laoraaalnff  baadaoba  aad  raoarraat  aauaaa" 
durlnf  tka  final  baura  of  azpoarra,  —a  tkank  la  tbia  oaaa  tba  oaablaad 
artarlal  otypa  aad  oarbea  acaoxila  saturation  aaa  97  par  oaat.  At  aaa 
laral  vltb  naarlp  oooplata  artartal  aaturatloa  altb  oapfoa  aad  oar  bon 
aouaxlla,  J.  3.  Haldana  ooaaldarad  that  a  brlaf  arpoaoro  aoblarlnf  30  par 
oaat  oarboiybaacilobln  aaa  danparoua  to  btaoolf,  aapaolall/  if  aafdfad  la 
oxoroloa  (i).  3o-a  raluablo  obrarratloaa  aara  rapnrtad  **r  Salih  aad 
Sharp  ablla  ualac  tbalr  laproraa  aathod  st  t  root  in*  oar  bon  aocoxida 
poloonina  (5).  Sara,  tba  oarboa  aonoxlda  la  raaorod  altb  fraat  rapidity 


%  raM'Oi  too  U  hr«e*t*  c Kjtfm.  u.r»*rh  *  •*«*  »t 

•  uitl  MUait  trir*iin  of  W  niiifiini  Ok  u-.’  1  *» . ,  ooe  of  ttoir 
HUaU,  a  19  year  *14  NM|  Sm  breetola*  tfoatiMowI/  n«  all  ro~ 
floaae  nn  1  r r r ~~ * .  hit  A*  ceald  to  r**to  »ijr  alto  diffioalty  A  mm, 
ogto  41,  ...  mm  U  *  to*  mm,  eobaa  <wy,  alto  aidely  dilated  Milt 
•■4  ifMtlilt;  of  too  mk  lleto.  SpaiUaeeaa  reopiretloe  m  atoaet 
«to  lo  palve  ooeld  to  to  Motto  ...  (to)  would  i*mll|  tm  took  iImm- 
flto  M  kortbuto".  The  of  Wt} goatialcbm  ooe  ?6  Mr  Mkt  la  too  MkOk 
ato  50  Mr  rnt  la  too  aoa  oooe  of  tor  too  tlao  of  arrival.  la  |Mftl 
It  ofM<trs  toot  level*  of  t'j  par  Met  oheai.d  to  avoided, 

T1~f — 4 * 1 1  j  If  aalntaiato  for  o  prolonged  period  of  tlao  during  vhloh  ooa- 
plot#  aoa  to  1  alortaooo  io  required. 

Unataio  too  tooa  tokoa  of  too  p^tlilofiNl  profOrtlM  of  aartoa 

- 11.  Traoor  oooatltloo  Mro  tMi  la  too  rirot  oooooaofkl  ooaouro 

anta  of  blood  volaao  la  Hviog  tow  balnea,  oaA  alto  Ijfctrto'i  ool«uo 
roflaoaaato  tola  aatoto  aaatlaaao  to  to  need  («).  tto  alvaalar  praairi 
of  odgrgaa  aea  oatlaotto  vpproxlaetely  froa  too  flstrltotlaa  of  aartoa 
a 'X^uado  bataoo-  laaplrad  air  oa4  artarlal  hi  ato  (l).  Za  raooat  yaaro 
aaajr  plgraloiano  tova  booaaa  latarMtto  le  4000000  dlffooloa  totaaoa  too 
lttago  ato  too  blood  (7).  froa  baeiv  klaotlo  data,  tocattor  with  ratoa  of 
aeokaalotloa,  bough  toe  la  ’945  Atouoto  toot  at  root  tto  Aoratljo  of  aiyoMN 
of  oaplllair  blood  to  alveolar  air  aoa  threo-qaartere  of  a  aaaoed  involving 
60  al  of  blood  (8). 

Although  aaob  laforaotl  as  had  book  fathered  durla*  a  ooaturjr  of 
■tody,  tto  oaaiMptloa  eao  nearly  along*  oado  toot  oarboa  ooozldo  woo 
neither  produoto  nor  lootroyod  In  too  living  body.  In  1949,  uelng  too 
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lo*4»ltr*4  ff140,  tt  mkmm  t**t  ai co  could  oiinH  thlo  to  C  40»  (>»'. 

la  th*  ooaw  jriir  it  mm  rtyiftol  iktt  tho  oat* holloa  of  kaaoglohla  pro- 
loooo  oarPoo  ■11014*  (to).  Jroon  p.’ it*,  ol^o  *o4  on  iry  l**f  powdoro, 
rta  wttoii  oak*  oarh**  Moulto  1*  too  pro  oil  of  iH|tt  id  oagrgoa 
('1).  Stood  oppoolm  and  tpo’r  rotoo  ifpowtlf  Wio  oot  Poo* 

oaoUorti  la  **  far  o*  tloto  oan  Uflooaoo  looola  of  blood  oarPoagrP— a 
glow*.  la  odot  fol  looo  It  to  propoaoC  u  oaoolao  th*  ohlof  onto  af- 
footlac  a  ayotaa  aPla*  looo rl Poo  Pot*  t*o  ooo— lUitli  tai  ollriaotli  of 
oarPoa  aoaoxlda.  Certain  prod  loti  oat  sot  P*  aodo,  and  thooo  oto  bo  ohoohod 
rttb  tka  raaulto  oPtalaad  la  pr*oloua  otadlo*  of  adult  Paaaa  Potato. 

wprnm,, 

Study  3  to  to  Equilibria  of  Cdb  ■  Op**  Polag  oapoaad  to  air 

ooa total**  a  fraotloaal  oioitratloa  of  oarPoa  aoaoalda  (Vf(oo)>  t*o 

a 

quantity  of  00  laaplrad  par  alaato  (*ifl,eo)  oqnodo  t*a  total  of  t*ot 
o*l ok  1*  oxplrod  ( Vl,00)»  t*ot  «*>lo*  itors  t*o  tody  (»co)  aad  that 
ohloh  Pulido  up  ot  a  oar  tala  rat*  to  a  daflnlto  oioitratloa  la  tha  faao- 

a 

tloaal  roaldnal  oapaolty  of  th*  lua*a  eo)» 

Vi.eo  •  V*,oo  ♦  *oo  «•  Vd,oo . 5* 

thia  1*  oloo  tnt  for  oil  othor  inoplrod  *****  lnoludlag  oaygaa 

*1*1,02  *  Vfc.Oj  ♦  *0*  ♦  •  •  •  •  ft  **~'J  • 

IP*  loot  tora  la  ooeh  orp noton  ohould  Po  of  portloalor  l&torwt  W  Usoo 
oho  aok*  tronolit  onolyooo  of  olngl*  Praotho  (7).  It  i«  itlroly  pooolPlo, 
•opoelolly  vlth  dllut*  CO,  undor  o toady  ototo  oondltlaoa,  that  tb*  loot 
torn  oottld  Po  B«fl«otot  *o  for  a*  ooooorao  th*  oooMulotlca  and  oltatnatloa 
of  CO.  TP*  loot  tora  in  th*  oaygaa  oxproooloa  1*  aaglfgp  ’y  aaall  la  ait 
oaaaa.  Conooquoatly,  thooo  loot  tora*  will  bo  droppol  ot  this  poLct, 
ol though  furthor  aontlon  la  aodo  of  tPoa  la  th*  dlooaaali.  Vast,  oanaldor 


f 
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li**  •’  to#  :  k*#’  CM  *tc  n»r,C-n*  apao* 

(*i*i,so'  •**s  lM1'  l**-1  •*»«•  '.*T/iteo' 

V*,=3  *  V*,co  *  td*:.co 

fblc  cIm  boll#  true  fv,r  o*y*sn,  and  abaa  latraduosd  into  tbs  abort 
foraa  of  tbs  first  too  arprssaloca,  tha  gu  rates  antsru.g  ti*  bod/ 


*C0  *  (TI  *  VfI,CO  ~  Vi, 00 . 0) 

%  -  -  *&)*!,<>?  '  Va.Oj . (?) 


Tba  rataa  of  an  try  of  CO  and  0y  into  the  bod/  oaa  also  bs  aiaaad  ao- 
oording  to  tbs  following  gaaaral  squat  Iona, 

TC0  •  »C0(>d,C0  -  *B,C0) . ^1  ala"  _7 

TOy  •  Bop^i.o?  -  ^,o?) . £“l  *n'J 

la  abiah  tha  flu*,  aithar  poaltlva  or  nags t Ira,  ia  dependant  au  tbs 
pul  sonar/  diffusing  oapaoltlaa  (Da,  aad  D^)  aad  tbs  dlffaraaoa  la 
praasura  of  tba  go*  la  tbs  alraoll  (>AfC0  aad  and  of  tb«t  ia 

pulaoaar/  capillary  blood  (»1#00  aad  F|f0?).  ».  ^ldaaa  wrote  that 

tba  prssauraa  of  Co  and  Oj  ara  iatarrala tad i  .  (x/q/JPg^  wb*r* 

z  ia  tba  f  motional  saturation  of  fcoeoglobla  ia  artarial  blood  duo  to  00, 

/  la  that  dua  to  Oj,,  and  a  la  a  partition  ooafflolant  bora  aoosptad  to 
ba  oooatant  and  squal  to  2J0  (12).  Tba  Baldaoa  ralatlonablp  and  the  tao 
aquations  looadiatal/  above  ara  solved  t(«athar  resulting  ia  tba 
expression 

*CO  •  ®00  Ji, CO  ~  (*/d/)  (**02  -  W«00)-7 . (3) 

wboro  tba  ooaaUnt,  1  •  Do j/DC0  •  1 .2),  aooounts  for  tba  diffaronos 
ia  dlffuslbllit/  of  aad  CO  on  tbs  basis  of  eoleoular  ala#  (7).  Tba 
•as  pressures  ara  than  written  as  tha  produot  of  tba  total  aoblant  » 

praasura  and  tba  fraotlooal  eoooantratlon  of  tba  part  ular  gas,  and  tba 


a/aocl  3  .  Vo'1  ”  *  ia  '«>'<  Mocal.  U^on  ajua^lng  aquation*  1  v'd 
tha  valua  of  c-irS>jVli#*,.'!lollln  (fj  can  la  atatad.  Sowawar,  awwaral  ap¬ 
proximation#  ara  naca«*i»i->  m  orJar  for  i  to  ba  atatad  la  taraa  of  r*r*~ 
a* Vara  which  hanoaforth  will  ba  oonaliarad  aa  fundiaatUi.  1%*  flrai 
uwpt)  Hi  that  y  »  l  -  x,  which  lapllaa  that  «yata*io  artarlal  blood  la 
full/  aaturatad  with  CO  and  rMulifl  In  tbs  esprsMion 

r-  a*t 

3fA,02  "  i  ~  ^D^T,02  *  4”1  V*#°2 

*  •  1  ♦ - - - -» - f~— - -  i . . . 

^a.co  -  ■  <Ti  -  W.eo  ♦  **Va,co 

a  * 

prorldsd  Tq^  Is  sxprsMsd  as  in  squat  Ion  2.  lut  obesrrs,  AirtM  4  * 

•  a  •  •  • 

Vfc  -  Vp,  only  alight  arror  la  introduoad  hy  writing  7^  «  7j  -  7q,  and 

a 

during  ataady  a  tat  a  aqul librlua  of  tha  aiagla  CO  flux  u/ataa  Tgg  »  0, 


lap lying  that  F 


A, CO  "  rI,C0* 


whaaoa  tha  abowa  wpraaaian  oan  ba  writ  tan 


"1,0,  -  ‘‘V'r.o,  -  V,>T 

-  - - STT^ - 

Conoanting  aquation  2,  tha  data  of  others  (lj,14)  whan  plottad  aa  lr 

Flgura  1  ahowa  that  a  -  %y^t  -  n.049&  (highly  ocrralatad,  r  •  0.962), 

♦  •  • 
which  lapllaa  that  7^  la  directly  proportional  to  7^  at  7^  rataa  of 

laaa  than  2,500  al  aln~  .  Th/aa  raaulta  ahow  that  F^q^  *  ~  *’ 

both  whlla  at  raat  and  during  axarolaa  man  rataa  ara  laaa  than  2,500 

al  aln”1 . 

Froa  tha  abowa,  It  now  baooaaa  poaalbla  to  writa 

*w(1  -  0  ♦  »/0L)  .  . . (4) 

wharatX  *  ®  •  3  ( F  j  t  ^  -  a)  -  4  a  TA.  Fur  tha  r,  froa  data 

•  • 

on  th«  a«aa  adult  aan  and  woaan  aa  ahown  In  Flg-ira  2,  \  •  0.835  %  * 
1,120  (war7  highly  oorralatad,  r  •  0.996). 


Tha  aquation  for  laplioltljr  raqulraa  that,  of  tha  CO  wtuoh 

■mti  and  iaaraa  tha  body,  practioally  all  of  It  oonbinaa  with  haao*lobln 
and  that  nona  la  oxidliad,  hjrdratad,  or  otbarvlaa  irokan  down,  or  avan 
produoad,  or  alaa  that  aush  oppoain*  ratan  ara  aqual.  Xarly  taata  with 
radloaotlra  traoara  anplqyvd  Cn0  praparad  la  a  cyclotron  fro*  BjOi . 
laoausa  of  tha  2*  alnuta  half  lift  of  this  laotopa,  tha  taata  laatad  for 
only  ana  hour,  and  lava  than  oea-taoth  par  oast  of  tha  C1  'o  ahloh  dlaap- 
paarad  fro*  tha  blood  aaa  azplrad  aa  0!>).  A  contrary  oocoluaion 

vaa  la  tar  arrlrad  at  (9)  hy  vxposln*  aloa  1  r  oontrol  lad  taata  la  a  12.5 
11  tar  ohaabar  Initially  ocntalaiaf  oloaa  to  10  *1  of  00  fa a  toyathar  vita 
t ra oaa  of  tha  laay-livad  C^O.  Dapandlnf  oa  tha  auabar  of  doa,  fro* 
ana-half  to  lao-thlrda  of  tha  CO  dlaawpaarad  la  tha  oouraa  of  four  day  a. 

Tha  rata  of  oonwraloa  of  c'^0  to  C^Op  aaa  raportad  to  ha  0.29  (10"^) 
al  ir"'  f_1  of  body  valfht.  la  taata  of  raoovary  of  total  00  follovlaf 
thra*  houra  of  aquillbratlon  of  fraah  vhola  blood  of  rato,  dof*  aad  humn 
balofa  (i?),  tha  rata  of  dlaappoaraaoo  aa*  1.8  (lG~*)  *1  ala*1  f_1  of 
total  008b.  If  la  tha  *loa  taata  tha  total  h— Qfloblo  vaa  0.01  of  tha 
body  valfht  and  this  vaa  on*- third  aaturatad  vlth  CO,  tha  rat*  of  oon- 
varaion  of  C1^)  to  C1^)^  would  Hava  boon  1.8  (l0~^)  al  ■la”1  f"1  of 
total  Or*b. 

Hjostrand  naaaurad  tha  aaall  quantity  of  CO  vhioh  vaa  azplrad  by 
adult  hunan  balafa  who  braathad  CO  f raa  air  (*0).  Ha  oonoludad,  a*  Lav- 
bar*  lndloa tad  on  bloehaaloal  frounda,  that  tha  dally  braafcrtown  of 
haMflobia  produoaa  CO.  At  a  aol  ratio  of  4*1  ilth  1/120  of  tha  total  (ZBb) 
hanoflobla  prod ue In*  CO  dally,  thta  oould  furnish  0.007“  (10“^)  al 
via"1  f-1  of  hanofloMa.  Tbla  rata,  ^nat  raoantly  varlflad  (27),  allfhtly 
appoaaa  tha  addatlon  rata  llaou**ad  a  bow.  Thua,  Tcc.COj  “  ^lhtCP 
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be-^saou 

^FbjOOjCUp  "  ~  . /ml  ain  g  1 

rt«r«  x  -  tf.s  proportion  cf  COSb,  r  t  1.8  (i0-^),  and  o  t  (0.0073/  10 

At  aquilibrlua  uudsr  stead/  state  oanditiona  of  ths  postulated  triple 

-1 

flux  s^otea,  fA>  CO  -  rz,co  -  co,cOj  Ta  •  CoMwtMBtijr,  to.  equi¬ 
librium  at*  tenon  t  for  the  tripl  *  flux  begins  as 


ehloh  takas  the  fora  of  s  quadratic  equation 


•  **a ■ 0 


y  •»1  4 

where  oL  sod  0  ar*  defined  under  aquation  K  aad  j  •  a(t  ♦  Sfg  )  XJFb. 

‘If 


A  daflbiti  on  of  Sco  1*  required  la  or&ar  to  ooapieta  both  tha 
-xa^la  flux,  x<(1,  aad  tba  trip  la  flux,  *o,3’  H^tlau.  It  eeuld  ba 
desirable  to  writs  this  eooording  to  paraaotaro  already  eapls/ad,  swob 
as  rata  of  alveolar  gee  flaw  aad  total  hanoglobln.  Pleura  3a  shows  a 
pic  t  cf  average  ra lues  of  2^0  aa<1  *A  at  rent  »nd  at  aaarolsa  for  Indivi¬ 
dual  aaa  aad  woasa  studied  jj  otbar  lures tiga tors  (14,  17).  In  all 


a 

ot-eee,  Dqq  lnoreeeee  with  7*.  Ch  tbs  mra|a,  laeraasao  by  O.915  al 
a  o'*1  aa**1  of  lg  whan  f g  Increases  by  1,000  al  ala-1.  Proa  this  rains 
v*  tba  slops,  tba  aaaa  intercept  on  tba  ordinate  oaa  be  found  for  eeoh 

a 

parson,  thus  indioating  the  rains  of  Qg)  whan  Tj  ■  0.  The  mines  of 
ths  lataroepta  are  high  for  large  non,  low  for  Mali  aaa,  and  swan  lower 
fa*  wo  non  of  larger  bod/  surface  area  than  none  of  the  snail  nan. 
SjSetraod  found  frr  each  square  aster  of  eurfaoe  area  at  aea  had  429  g 
of  total  heaoglobia  sharaas  wo  nan  bad  only  321  g  of  total  beaoglobla 
(6).  figure  )b  shows  that,  on  tbs  srerage,  the  intercepts  on  the 
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ordinate  of  Figure  ja  incrMM  In  proportion  with  the  quantity  of  2»a: 

M  p radio ted  fro*  body  surface  area  of  Mn  and  womb.  This  suggest**  u. 
eapirieal  ground*  that  in  edu.lt  hun  being* 

DgO  *  0.S43  Xlb  -  11.5  ♦  0.915  (icr3)  7a. 

-1 

On  taeorstiCal.  grew da,  Boulton  and  Forster  (l9)  wrote  that  D^q 

Bjl  1  ♦  rdTg)  1  fro*  whloh  of  nsoeesity  it  follow*  that  Dy  >  £$$  and 

that  Vq  m  (l  -  r )-1  &3Q  wbwrw  r  •  up  u^O  '•  Tbs  Man  value  of*-1 

for  six  mb  breathing  roo*  air  can  bs  oonputed  fro*  thoir  data  to  b* 

oloe*  to  ».41.  On  tht  average,  r  -  0.45-  Whan  cur  prediotion  of 

la  introduosd,  Tc  9  0.H0£Hb  a  0.00234  -  29.4.  Baoausa  J£Eb  was  not 

Maaurad  e.7  reported  by  than,  Tg  -  46.?  a  ♦  0.00234  Tg  -  29.4  where  A  is 

* 

Ml*  body  surfaoe  area  In  square  Mtere .  Fro*  this.  If  T|  *  5*000,  for 
their  six  eubjeots  ?g  •  69  *1  as  ooapared  with  59  *1  by  a  steady  state 
Mthod  In  which  they  actually  determined  DC0  and  •  .  Of  further  Interest, 
our  promotion  of  BgQ  allows  Tg  to  increase  with  the  types  of  axerolse 
whloh  oause  to  increase  (8).  An  idea  of  the  preolslo*  is  shown  In 
Figure  4  whloh  ocapares  predioted  valuaa  with  those  reported  fro*  three 
laboratories  (18,  19,  20)  In  addition  to  the  two  laboratories  (14,  17) 
fro*  whose  data  the  predletlon  aquation  wee  built.  Cere,  the  standard 
deviation  of  the  difference  Is  -  5.0.  If  that  of  actual  Maaura 
eants  Is  <rB  ^3.0,  it  follows  thst  for  predlotlon  the  0~p  *<Jn  *  9  ■ 

5.8  whloh,  though  lees  preoise  then  an  actual  Maeursaant,  Is  suitable 

if  I 

for  the  present  purposes.  Aaong  the  p'areMters  whloh  influenoe  Sqq,  at 
least  two  of  these  of  considerable  laportanee  are  total  body  heaoglobln 
m  Mil  m  rate  of  ventl  latloa  of  the  lungs  during  the  oheage  fro*  rest 
to  axarelM. 
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To  aacartain  ths  validity  of  if  ;  or  j  recall  that  ths  194^ 

Ptnssool*  studies  of  tha  0.  3  Mavy  (4)  wsrs  performs!  hjr  first  bra* tiling 

0.7  to  2.0  par  cent  CO  io  sir  for  about  thrss  ainutsa,  until  It  was 

fa— — d  that  CC8b  lewis  war*  such  u  to  bt  similar  to  th— *  whioh  srsc- 

taally  would  haw  Wan  aohlawd  whils  bra* thing  a  aora  dllut*  aixturs  of 

00  io  air.  (bios  baring  thus  raacaad  a  parti  cal  ar  Iswl  of  COHb,  this  waa 

at— dlly  aaiataioad  by  hr— thing  tha  dimt*  *w  for  pariods  of  four  to 

aawa  hours,  luring  which  artaria 1  and  waoua  lawla  of  COSb  wars  aqual, 

fairly  ataadily  —  intainsd,  and  thus  oaa  ba  t— ad  i|(  "measured".  Table 

l  liata  baalo  data  and  tha  ooaputod  raluaa  of  d,  9,  and  X for  —oh  of 

tha  total  six  tssta  on  tha  thr—  —a.  Tta  filial  cirolaa  io  flgura  5 

o«— ami  tha  ifj,  walu—  p  radio  tad  froa  dad  9  with  tha  x^,  "aaaaurad" 

raluaa.  Ths  aroaa—  in  Figure  5  do  tho  for  z#^  raluaa  froa  which 

it  bwoo— w  obvious,  if  ths  triple  flux  syat—  ops rat—  la  hi— ri  beings, 

that  ths  opposing  rat—  haw  siallar  wlu— ,  i.s.  nt  .  «  o  auoh  that 

<^yyttn9f 3  -  o).  Io  support  of  this,  Kruh^ffsr'a  azpsria—  ts  (16), 

thst  portion  d  sal  lag  with  rata  and  *hs  ozidatiaa  of  c’^0,  —a  ha  oltad 

—  bowing  that  r  •  0.3  (10*3)  Instead  of  1.0  (l<T^).  At  this  stags, 

z,^  so a—  parf— tly  —  tisfaotory  for  tha  prsdlotlon  of  equilibria* 

lawla  of  COKh  aodar  staady  stats  conditions.  Although  granting  tha 

po— ilhlllty  that  00  la  produosd  and  also  d— troyad  I y  tha  llriag  body, 

it  hoop—  unnso— sarlly  coaplio* tad  wh—  tha  iafl—n—  af  au—  proa— aaa 

— 

ara  ooosldowd,  —  was  dons  la  ths  derivation  of  ths  aqaati—  far  z#f 3. 

Aoou— lotion  of  oarhoo  aooozida.  i.s,  x(t)  ■  OgUft  •  fMotl— 
of  ti— .  Za  ths  early  1940's  suitable  — thods  wars  devised  for  —  souring 
low  lawla  of  00lh  (19).  Tha—  wars  saplowd  la  t— ta  srfsraad  — 
adult  hu—a  — 1— ,  wha  a— tly  wars  physl— lly  q— llfiad  far  ailitaiy 
asrrloa.  hsosa—  of  tha  dsngars  invelwd,  z  s—  aawr  allowad  ta  ri— 
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tuoh  bayotyl  a  level  of  oaa-tMn.  of  the  total  aval  labia  beaoclobin.  Ia 
•oat  laboratories  only  a  alngla  blood  saaple  *•'-»  vi  thdrown,  usually  fro  a 
a  vain,  and  this  wo  does  at  a  dsfialta  tiaa  froa  3  to  300  ainutsa  aftar 
starting  to  breathe  a  known  dilution  of  CO  la  althar  air  or  "pure"  0y. 
■sail sine  that  — okara  began  with  a  aodarataljr  high  lsvsl  of  COBb,  oaa 
laboratory  withdraw  two  blood  saaples,  oaa  at  ths  start  and  tha  othsr  at 
tha  and  of  tha  tast  (21 ).  Oeually,  tha  prasaurs  waa  that  at  as a  laral . 

A  few  taata  war*  aada  at  tha  low  pressures  obtaining  la  ohaabsra  for  tha 
al  halation  of  altitude.  Tha  aubjaeta  wars  aaatad,  roounbent,  and  aoaa 
tlaaa  aiHad  la  tha  asertlan  of  "hard  work".  They  wora  a  aaakf  tightly 
omrlai  tha  noaa  and  south,  la  to  whloh  aaa  delivered  tha  daslrad  gas 
alxtura  at  a  rata  stated  aa  expiratory  flea.  Qae  laboratory  reported 
the  oaaaurod  blood  woluna  of  aaeh  subject  (19).  another  guessed  at  tha 
blood  woluaa  at  tha  baa  la  of  aa  older  aathod  of  pradlotlon  based  oa  body 
surface  area  (21 ).  The  haaatoorlt  was  newer  reported,  and  oaly  la  oaa 
sat  of  tests  were  tha  0y  aad  00  oapaelty  of  a  milliliter  of  blood 
actually  aaaaurad  aad  reported  (4}. 

Is  other  words,  bobs  of  the  testa  obtained  and  reported  aaaaura 
aaa  to  of  all  tW  otOftMrj  ptriMtin#  frobtbl/i  tkoM  vfeloli  li  All 
ohm  tin  r*ll*bljr  r*pert#d  art  u  rollout  *z900*  *Jl»  *** 

x.  Xn  one  ease  x0  aaa  reliable  (21 )i  for  the  other  ease  (19)  ee  hews 
paaaai  at  x0  aooordlaf  to  tha  aaaory  of  oat  of  the  aubjaeta  (90)  aa  to 
aha  the,  the  others  ware  Bankers  of  tobaooo.  Xa  oaa  set  of  teste  (19) 
the  reported  blood  woluaa  .a  perfectly  suited  for  find  Inf  J&db  oxo opt 
that  the  00  oepeolty  aaa  not  listed,  so  ee  haws  aaeuaad  that  aaeh  euh~ 
Jest  had  a  capacity  of  0.2  al  of  00  per  al  af  blood.  9e*  the  ether  set 
of  testa  (21)  we  haws  used  9 j 0s trend' a  walua  of  4?*  g.  of  hcnaglchla  far 
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Mok  square  MUr  of  aula  body  nurfaon  (6).  further,  ocrtaia  paroauteri 
m«  noror  Miiand,  and  rt  Lot*  bod  to  apply  too  latarrolatioa  of  VA  and 
Tq^  ritb  T)|  to Tf  TOKtl;,  ainilar  laiarrelatloaabtp.  «?•?#  p-ibliahod 
do  ilia*  <ritb  the  ooatrol  of  raaplratlaa  and  oiroulatloa  (22).  Bovevar, 
Um  rood  or  abould  roolloo  that  this  aay  apply  la  root  aad  oxoroloo  bat 
oortalaly  not  Oar  lac  Vyporpooo.  la  tko  l.^ttar  oooo  tho  prooaat  otudy  of 
a  iyit«  to  dofloioat  for  tba  aoowalatloa  and  allaiaatloa  of  00.  fho 
oolo  roaalnln*  paraootor  to  Dqq  vdi°b  oo  dorlrod  above  In  ordor  to  ooa- 
plot#  orprooolono  for  and  Aa  a  eoaoofa— ao  of  tbo  way  la 

cblab  S oo  too  oorrolatod  vitb  f*  and  21k,  it  follooo  that  tbo  prediction 
of  Sqq>  tboufb  ooltablo  for  adult  hiwvn  kua|Oi  oortalaly  obovld  not  bo 
applied  to  iafOnta,  onall  obildroa,  and  oaparlaaatal  aolaale  ohlob  bare 
2ft  of  200  (.  or  lean  topothor  vitb  law  valuoo  of  fp.  la  ordor  to  vrito 
a  aero  thoroucb  prodlotlaa,  tbo  re  lo  need  for  farther  experlnata  oa  tbo 

a 

aotual  ToltBoa  of  Qooi  21k,  and  fj. 

It  to  oaogr  to  aako  tbo  above  orltloal  raaoifco  after  Larin*  perueed 
tbo  fiadiape  of  ooapotont  larootipatoro  ato,  vbilo  explorla*  tbo  ononan- 
letioa  of  CO,  aotarolly  plaood  aoro  oapbaaie  oa  eoee  pare— tore  and 
exoladed  otbova  of  loso  ourroat  iataroot.  Ia  ronopilttoa  of  tbio,  ia  %be 
tabulatlca  of  tba  roaolta  of  V  taata  froa  tbo  literature,  oo  bare  ladi- 
ootod,  where  aoooooory,  tbo  ■ooljnod  value#  (Tables  t  and  3).  Iba  roadar 
oba  follooo  tbooo  tabulated  value#  ooo  oooyato  or  prodlot  x  aad  see  tbio 
owporol  vitb  tbo  ao soared  value  (fipuro  6), 

Tbo  aeeJo  an  vblob  x(  t)  one  bo  prodiotod  root#  upon  tee  approaob 
of  tbo  aormiilatloa  reaction  to  a  o toady  etate  apuilibt  •'a,  ri(  t .  Cer¬ 
tainly  tbla  aaa  aot  ba  aaoartalaad  froa  aaly  aaa  or  tea  deterulaatlocur 
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of  x  at  a  fivaa  tiaa  auoh  that  tha  aax.sua  obaarvad  Taluaa  of  x<0.33 
x^  1 .  Although  thara  is  littla  infoiaatloo  lor  judging  which  ordar  of 
a  raaotion  pertains  to  aoeuaulation,  alialaation  of  CO  la  elaiaad  to  ba 
*  first  ordar  raaotlaa.  from  this  It  as/  ba  lnfarrsd  that  aoouaulatloa 
la  al*?a  a  raaotlaa  of  tba  first  ordar.  Kapaatad  atstaaaata  haw#  baaa 
pabllahad  ooaoarniuf  tha  ordar  of  allalaatloa  (a.*.  15).  la  tnpaolally 

olaar  praaantatlua  of  data  la  that  for  a  aingla  suVaot  (ffVV),  who 
doubtadly  allalaatad  CO  lb  tha  ordar  ao  olalaad  (?3).  Tha  aufciact  aaa 
oartaialy  aa  lataraatad  parsoo  of  axparlcnoa  oho  pro bah 1/  aaa  abla  to 

a 

teap  Vg  at  a  ataady  rata  throughout  tha  pari  od  of  tha  aaa  hoar  toot 
during  ahloh  x  aaa  aaaaurad  at  iatarvala  by  two  sxparls  (W3t  aad  PJVt), 
Thoaa  indication*,  togathar  with  tha  dart rad  ralut  of  x#,  aad  tha  *p- 
paraat  llaaar  relationship  of  x  with  tlaa  for  tha  aarly  stag*  of  tho 
prtoooa  (2),  Hot* tad  aa  attaopt  to  srlto  aa  axpooaoUal  equation  shloh 
doaorlbaa  x(t).  Tho  aathooatloal  troataant  bagin*  aith  tha  caaaraX  first 
ordar  aquation  x  •  A  ♦  do”**.  Tha  initial  and  aqulllhrlua  aoadltloaa  ' 
da  tormina  tha  mSatea'fs  JTIBSP  B,  l.a.  ahaa  t  -  o,  x  -  x0  mA  ahoa  t  •  », 
x  «  X*,  rsMltlag  la  tha  axpraaalon 

*  •  *♦  *  '*a  -  *©)•"* . . . (5). 

It  la  aaa  naoaaaary  to  daflaa  k,  ahleh  dataralaaa  tha  rat#  of  tho  prooaaa, 
i*  tons  of  paraaoter  a  that  bars  boon  previously  daslptated  as  fuad*- 
aaatal.  This  baglaa  with  a  llaaar  appro xl nation  for  Tioo  during  tho  first 
part  of  tho  laouaulatlon.  Various  sorters  (19,  2t)  hava  aottosd  tha 
raaultiac  llaaar  rslattonahip,  x  -  x,  •  0%,  and  oars  substantiated  it 
sdth  thoir  data. 

A  dlgrsasloa  will  clarify  tela  linoar  relationship  shloh  altiaatoly 
sill  bo  oolvsd  sinultanaously  alts  equation  9  for  x  •  x*  •  l/3(xa  -  x*), 
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the  ona-ibl-d  point  being  choaan  6 -cause  equation  5  ia  nearly  linear  for 

the  f) rot  on*- third  of  its  range .  (z  -  z«)  Indicate#  an  inoreaae  of  CO 

la  the  blood  equal  to  (x  -  x0)a  Z3b  which,  in  turn,  is  equal  to  tho 

.  •  • 

quantity  of  SO  inepired  oinua  taa  quantity  expired  Fj^q  dt  I 
rlCv  presided  the  buildup  of  CO  ia  the  lungs'  fimoUanal  residual 
oepeolty  ia  nagleoted.  If  the  linear  epproxlaatioa  T^gt  •  T qq  ia  ee- 
ployed,  the  integration  of  equation  1  gives 
♦co*  -  (*  -  *©)•  2  Kb 

which  inpliea  that  f  •  ^cq/»  2Kb.  last,  a  faster  is  inserted  ahloh  will 
allow  the  preeeurv  to  be  other  than  atnoepharie  at  aea  level,  resulting 
ia  the  expression 

.  *00  fp 


izH 


.  where  fp  • 


I  -£---11 1 

L  713  j 


Being  equations  1  and  2  and  aooeptlng  Tj  1  P|  and  definitions  of  d,  0, 
and  T,  Tjo  oan  be  rewrittee  thuai 

▼CO  •  (<*.-  -f-  ijr’lJKb. 

e 

Voting  that  Tjq  ia  a  function  of  x,  ^  le  solved  for  a  point  when  the 
prooeea  hae  ooapleted  one-third  of  its  full  range,  i.e. 

*  •  *0  •  V>  U#  -  *0) 

At  the  one- third  point 


1/3 


F— L-  -  .1 


Be  turning  to  tho  first  order  equation  5,  k  eon  now  be  found  by 
eolviag  this  equation  and  the  established  linear  relationship  for  the 
above  stated  one-third  point  ae  indicated  below* 

V3  * 

(l/j)(x,  -  x0)  ♦  x„  •  X,  -  (x.  -  Xj,)  e** 


U 


.*.  -k 
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Sawing  fcnad  an  axpraaaion  for  k(  it  ia  laaartad  into  aquation  5,  01  ^ 
Ulm  raplaoad  hjr  its  aquiralant,  and  tha  constant  tor*  «^5— i/l 
being  ayabollaad  by  hi 

*■%-(*•-  *o)« 
vfcara,  la  iwlov, 

•  .  ♦02V,«  0.0496 
■  -  230,  partition  ooafflolant 


(d-  ¥)*»* 
(*,  -  *0) 


3  -  1.34  al  of  CO  to  aoturot*  ooo  era*  of  hnaoglobla 
h  -  a”1  31a  0.647  —0.909 
d  •  DOgDoo  -  1 *23 

fp  -  (P-47)  713”1*  awanalrtg  iiy  flaa  la  braathad  at  a  praanra 
of  P  n*  of  Hf . 


-1 

*a  ■  *a,i  •  5  ♦  »/«fc7 

d-  *■  fI,CO 

9  -  9(PJf02  -  a)  -  d’1*  TA 

/-.(I  ♦  SV1)*!* 

a  .  nco(p-47) 

Bfeo  •  0.043iHb  -  11.5  ♦  0.915(,0_3)TA 

♦a  •  0*835  -  V20 

Pradlotiana,  aooordlng  to  aquation  6,  of  tha  proportion  of  tha 
total  hanoglobln  wfcioh  would  ooour  a a  oarbinyhan oglobla  aro  oonparad 
in  Plfur#  6  with  actual  datarnlaatlooa  raportad  la  1‘  toot*  carried 
oat  in  too  labor* torloa  (Tat loo  2  and  3)*  TVirtjr-ol*  toatj  (f Iliad 
oiroloo)  war*  dona  at  a  total  praaanra  of  appraaciaataly  aao  ataoephare 
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whll*  breathing  a  aixtur*  of  CO  and  air  (i?,  21),  Five  taste  (cirol** ) 

Nn  loo*  at  on*  ataosph«re  while  brea thing  CO  in  90  p*r  o*ot  02-  T*n 
tost*  v«r*  don*  at  total  pr***ur**  of  1***  than  an*  at*o#ph*r*i  in  two 
of  the**,  th*  pressure  was  *o  low  a*  on*-flfth  of  an  a too sphere,  and  CO 
in  90  p*r  cant  was  br**th*d  (triangles )j  in  eight  of  th***  t**t*  th* 
pressure  *xo**d*d  on*-fifth  of  an  ataoaphsr*  and  CO  in  air  if**  br«*th*4 
(filled  triangle* ).  Tabl**  2  and  l  ahov  that  **oh  aubjeot  a  tar  tad  th* 
t**t  with  different  l*v*l*  of  COBb,  x4>  and  during  th*  *xpo*ur*  th*  COflb 
roe*  to  a  higher  level,  x,  which  ia  shown  by  th*  ab*ei*«a  la  Figure  6. 

<nt*  standard  deviation  of  th*  dlffarano*  b*  tea  an  pr*dlot*d  and  reported 
value*  cf  x  is  Og  -  0.015.  Thie  would  r*prca«nt  th*  pr*oi*ion  of  p*e- 
diotlon  if  there  v*r*  no  error  in  th*  **thod  of  Manuring  th*  r* ported 
vain**  of  COBb.  0* toe* trio  Method* ,  such  a*  thoa*  u**d  ia  th*  two  labor¬ 
atories,  ar*  nor*  prools*  at  low  than  at  hl£k  level*  of  COBb.  If  *ot  it 
2  2  2 

follow*  froa  <Tp  m  <jj  ♦  that  a  low  l*v*  1*  *  0.015,  where**  at  higher 

level*,  of  *.g.  0.3  COSb,  OJ  *  0.020.  th*  Man  deviation,  ?  .  0.021,  00a- 

bin*d  with  ♦  2  0“^,  wa*  u**d  to  draw  th*  two  dashed  lina*  ia  figure  6.  The 
"  * 

intercept  on  th*  ordiaat*  of  th*  upp*reo*t  lia*  iadioat**  that  th*  ?<T” 
preoialon  of  predlotlon  1*  approxt*at*l/  0.05  at  th*  various  level*  of 
COSb  iasclvsa  ia  th*  total  51  t**ta.  Of  Mr*  lgportaao*,  however,  th* 
predlotlon*  appear  to  b*  valid  at  different  total  pr***ur*«  and  a»*M 
tratlon*  of  inspired  <V,. 


anmen  or  mumna  M«H 

In  ori*r  to  illustrate  th*  lnflueno*  of  tho  fundaawntal  parwwtom 
lnoludod  in  equation  6,  it  1*  bollovod  advisable  to  show,  with  an  **Mvl*, 
how  te  ooeput*  x.  Then,  by  grephio  e*an*,  it  i*  prep*,  td  t*  show  th* 
r*l* tiv*  laportsne*  *f  each  p*rae*t*r  (fig*.  7  -  1l). 


Tka  ^ r  w*kJ»vni  iotj  x,  «d  J  although  algatraic, 

la  (oanui  lacigthf  Ar.  using  llhalj  valuas  for  tha  va.r iablaa, 

rill  illuatrata  taa  pncaC  _ra 
divan.  P  -  '60  aa  if  Hg. 

7]  -  10, COO  al  par  ainuta 

rl,C0  -  <j  001  J  al  par  al 
P-  «  -  0 .21  al  par  al 
£Hb  -  3CC  gras. 

xr  -  0  05C  propirti.viata  initial  aaturatloa  with  CO 
Owing  tha  daflnitivns  sax  ferta  laaadiataly  following  aquation  6,  it  ia 
foutd,  lo  within  thraa  aigtuflcant  digits,  that t 
7a  -  (0  835 h 10. 000 ;  -  1.120  -  7,230 
•-  2C0  -  vO  0n:K8uC)  -ilia  (0.915)(7.23)  -  29-5 
•  3  -  i;9  51(71.,)  .  21  000 

o^,  8.  ^:*r  ba  dstara.-isu  ua.ng  S  and  tha  various  othar  aquations  and 
constant*  apacifiad  -ndar  aquation  6 

CV.-  ui  ,OOO;U:‘0)tO  001  j  -  4,830 

8  .  Ul  .OOOHO  210  -  0  C496,-  iS*Si2Siila£a2I  .  3,070 
T*  (2.-0)v1  MO00;  .  719,000 

I 


Row,  tna  das' rad  pradlctiuna  tan  ca  aada 


1  « 


,,070 

4,8;0 


-  0  611 


Sir.ca  aQ  -  0  0f>0,  a  ralus  aaa r  that  of  a  parson  aho  aaokac  aodsratsly, 
tha  axpcranx  ~i  aq  6  aa/  '•»  iatamtnad  hjr  using  tha  raluaa  OMputai 

a  her.*  of  J- ,  6,  Y  .  .aisgui  t  '.ng  that  f^  -  1.0.  Vbsnos, 

h  - - 1 - -  0  31' 

> 

- : - 1 

0  611  *  C{ 0  050  > 


17 


and  the  exponent  of  aquation  6  la 


^4,8)0  -  (0o11)(3,070)^7(i)(-0.909)i 
719, c"o  (0.611  -  0  050) 


0. 00875 t 


Than,  the  laral  of  cerboxyheaoelobln  at  an/  tiaa  baooaaa 


x 


0.611  -  (O.61I  -  0.050)a 


-0.00875t 


If  t  •  20  ainutaa 


-0.175 

-  0.611  -  0.56^9 

Sicoa  the  "natural"  aniiioee.-i  tba  of  -0.175  *  0.839 
XOQ  -  0.611  -  (0.56l)(0.839)  -  0.140. 

It  la  thus  aaan  that  a  la rga  aan  with  a  aodarata  ventilation  rata,  wfcea 
brea thine  rooa  *ir  at  ataoapharie  praaaura  diluted  to  a  laral  of  one- 
tanth  par  cant  oar  bon  aanoxlle,  aould  bare  a  oarboxyh  eeoel  obln  laral  at 
approx! aatal/  14  par  oant  saturation  after  20  ainutaa  of  axpo«ire. 


The  abora  tjrpe  of  exaaple  oaa  bo  expanded  to  illustrate  tha  influ¬ 
ence  of  tha  rarioua  paraaatara.  Allan  and  toot  (12)  Aataralaad  tha 
partition  ooaffloiant  a  at  37°<1.  usine  aero  toe  ana  taro  oontalnlne  freeh 
whole  blood  aixturee  auoh  that  within  throe  hauro  eqeilihriua  waa  ap- 
prraohea  Turn  either  dirootion.  further,  tha  plaaaa  h/drogen  ioa  aotlrlt/ 
waa  paused  to  ra ry  with  When  tha  plaaaa  pi  was  7.30  to  7*36*  the  a 

ralue  was  230.  At  lower  and  higher  pi,  i.e.  7*15  and  7.40,  a  fall  to  a 
ralua  of  170.  Sandro/  loos  not  beliero  that  a  in  affaoted  bgr  plaaaa  pi 
(24)  and  aeoerdiafl/  would  treat  a  aa  oonataat  and  equal  to  oloaa  to  230, 
ea  one  been  l*w»e  thus  far  for  the  purpose  of  si^lifloatioa.  Ihble  4  waa 
prepared  tc  ahow  that  if  a  ware  to  ra rp  froa  170  to  230,  this  would  oause 
stood/  eta~e  equilibria  lorela  of  oarboxyh aauglobin,  1 ,  to  ranee  froa 

0.54  to  0.61.  lowwror,  for  at  least  two  hauro  d urine  approaoh  to  such 
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equilibria,  the  absolute  values  of  carboryheaogl’’bin  would  rlM  elnilarly. 
two  If  ■  vere  to  r ary  through  this  range,  It  would  haw*  little  iafluaaoe 
on  x(t)  values  for  at  laaat  two-thlids  of  the  total  aeouMtlatioa.  It 
therefore  mm  roaoooablo  to  aooopt  i  *o  a  oooataot  and  praaantly  to 
ignore  the  olaload  lafluaooa  of  plaaaa  hydrogen  loo  eotivlty. 

Gki  tha  basis  of  equation  6,  variou a  aapaota  of  aeounalatlaa  af  00 
ara  ahown  in  Figurea  7  through  10  whioh  elta  assigned  dlasaalaae  in  the 
legends.  Prom  Figure  7  it  ia  olaar  that  air  oontalnlny  100  part*  of  00 
par  alllloo  would  land  to  a  a  toady  atata  equHibrlun  of  15  par  oant  00Kb. 
If  air  ooataiaad  1,000  p.p.s.,  the  1  walua  would  riaa  to  61  per  oant 
OOKb.  Ia  ooatraat,  if  90  par  oant  Op  ooataiaad  1,000  p.p.a. ,  tba  lawol 
would  ba  20  par  oant.  Tba  above  (Pig.  7)  would  aloe  bare  boon  antici¬ 
pated  append  natal/  by  Saldana  (l).  It  ia  doubtful,  be  waver,  if  tba 
following  figure  8  oould  bawo  bean  prodiotad  by  bin  and  bin  oollaagusa, 
ainoa  full  uaa  of  tba  presently  derived  aquation  6  ia  iawolwad.  1b 
roach  10  par  oant  lavala  of  00Kb,  Aon  breathing  air,  would  require 
only  5  slautas  if  tha  air  ooataiaad  ao  awah  aa  1  par  oant  00.  Slxty- 
fivu  aim  tea  would  ba  required  to  raaob  tbia  level  if  tba  air  oentataed 
0.1  par  aaat  00.  If  tba  air  eoutalaed  0.01  par  oant  00,  it  would  taka 
120  adantea  for  tbo  percentage  OOKb  level  to  rice  only  fran  2  to  d.  The 
abavo  would  ooour  if  tbo  expiratory  flew  ware  —  lata Inod  at  an  aobtant 
rata  of  10  litoro  per  minute.  At  re  tea  creator  and  Ians  than  tbia,  tba 
ourvee  la  figure  9  shoe  that  tha  appreaek  to  steady  state  eqelllbrlun 
would  ooour  far  aore  rapidly  if  tha  ventilation  of  tba  luaga  were  to 
lnaraaaa.  figure  10  ahowe  that  with  leaner  quantities  a.  total  body 
beaaglobla  tba  rata  of  approaeh  to  steady  atata  equlllbrlua  eanld 

ia 


ineraaaa  In  :•  -  <  -  •  '  "O  to  coatlna  with 

600  grata  uni  .<.  ■••.»•...»•■»  ?uur» t:  .n  :f  4*-’  par  onu. 

JV^rlng  a  \r  •  .1-  ,  --  .t  ->blri  eoull 

bins  with  1  Jar.jr  ,  j  ■:  "C  ,  .  •  a.,  >.:«  saturation  wculd  ba 

alight ./  .«a«  than  *.>•.:*  n  1  t-j  .*»  *  •  i-  ;  ar  'Jfc.t.  Proa  thaaa  lllua- 
tratlona  it  t.ppaa;-*  th*»  the  a>ot  tspcrt-r.t  par&aatar  la  P »  followad. 

In  d«acwnd;r.£  cria**  t y  ?•  than  vg  ma  finally  >Jib. 

Althot.^.  .i,'jiau’. a sm  \>  c*».  h#  visv**i  <ui  att  forth  a  bora  and 
dangwroua  at  tuit:  o.< s  ?r  i*  '•»  •  r-'r*  ■-»  t<>*  fsnd.-uMntal  paraaatara  in 

phyatoioglca;  focar  e  t-  a  :  a*',  t  •«  tar.  ba  to  i\ clpatad ,  It  la  via*  to 
aayhaalca  Via  t:  ix:naticr.  of  'roc  th»  lody .  Ttla  aapaclally  should 
ba  of  tnta»-»at  to  rtrj.jttr.ii  sat  w  find  tha  obaanratlona  of  9«lth  and 
Sharp  (5)  to  *■•«  p rod ••  - 1 ■etfr.e  aquation  6.  Lat  ua  oonaldar  that 
tbalr  aorlbsitd  aa'o  patient  could  h-i/a  had  %  f-D  par  oani  COffb  laval,  l,a. 
in  this  oaaa  sr  -  0  v.i,  tt  :r-  «t-.r»  of  tha  tree teen t  at  two  ahaoapherea 
of  aablant  preeawa  ‘'urthcr,  tooapt  their  finding  with  tha  rewereion 
apaotrrsoopa  tba>,  o.;a  ;  rur  v.*  ’raWaaut,  hia  COHb  0.  Oxygen 

waa  braatbad  through  t  a-.*  *.  (j  *  T.9S.  luppcaa  P*  ■  ’0~^  or 

’0  p.p.r.  i '  tin  art;  ?;  ’.t t.i  -tit  waa  tO  lttara  win-1  and 

tha  total  bod/  'Itr.  »k»  -  •'  w-awa,  * ’ !  tha  neoeasarjr  paraaatara 

bt~r  taati  orci  "i*11  7V.»<  •  1.  •  prw-lt  -.ta  tha  rapidly  dea  osn<llng 

cmrv* ,  liawn  with  t  •4i.;h*ai  ll.tr.  ;  “  ffjja  ' " ,  wait-  aflat-  60  alnutaa 
of  traotnart,  tattle  p*ta«  •'.»[«  to  la  1  par  oa^t  COEb  lnataad  of  ”nona". 
Tha  wl  vtrsr.t  o>xrra  ir.d.ca*a«.  w;  *..1  ill  paraaatara  tha  mm  axoapt  that 
tha  aablaul  piaaauta  m  n«  i.uoi|>aa:nf  teat  ti.a  rata  f  a. lal nation 
would  ba  ? .*>  tiaaa  acra  »...■»  Tha  thi.-d  of  tha  daah*H  ourv«a  la  of 
lntaraat  to  avl«t>oo  .  r  ■ .  at  jra-nalf  o'  an  ataoaphara 


that  bra* thing  of  96  par  oant  027900  would  aliainat#  CO  at  a  rot#  of 
2.9  tlua*  ilor  r  than  at  on#  atooaphar*.  Siailar  #ff#ota  0/  aabiaot 
praoaur*  oo  aliainatloa  of  CO  would  ooour  whan  breathing  air,  axo#pt 
taut  at  a  giwao  praaauro,  tha  rrta  of  allalnatioo  of  CO  would  b*  6.5 
ilaa*  oer*  alow  than  whao  bra* thing  96  par  oant  0x79*0  (thraa  oootlnuoua 
ourrae  la  Pig.  1 1 ) .  Ifcia  aix-fold  ralatira  dif faraoo*  la  praoisoly  that 
oltad  tay  Llllaothal  (?)  for  finding*  la  two  labor*  tori  a*,  lovawar,  thara 
truly  wara  ahaoluta  dlffaraaoaa  la  allaiaatioo  half-tlaa  hatwaaa  tha  two 
labor* to rlaa.  It  la  ballawad  that  anch  oould  haw*  ooourrad  If  tha  aub- 
Jaota  of  loughton  and  loot  (25)  oJght  hara  had  a  low  raotllatloa  rota 
of  5  Utora  ala*1,  aharaaa  thoaa  of  Lillaethm  aad  Pin*  (oltad  la  2) 
might  haw*  had  althar  a  waatllatlaa  rat*  axoaadlng  5  lltara  ala-1  or 
ala*  a  total  body  haooglohia  lowar  than  800  paai.  Although  It  would 
b*  daolrabl*  to  rafar  to  othar  atwdlaa  of  allainatien,  auoh  aa  fro* 
doga  (26),  tha  praaaat  author*  haw*  aarllar  lodloatad  that  for  aquation 
6  tha  darlwatloa  of  Ugo  aad  tha  latarralatlooahlp  of  with  Tg  aad 
000 tain  knoaladg*  that  oould  praaaotly  apply  only  to  aan  aad  woaao.  It 
thorafora  aaaaa  that  tha  aaaa  foodaaaotal  para** tar*  affaetiag  tha  ao> 
ouaulatloo  will  0  pa  rata  Juat  aa  affaotiwwly  upon  tha  allalnatioo  of  CO 
fro*  adult  human  balngw. 

A  orllq*#  of  tha  aaaoa  aaployad  to  obtain  a  pradlotlo*  of  blood 
oarboxyhaaog  1  obis  ohlofly  oonoarea  tha  faot  that,  wharaaa  It  waa  •raaibl# 
to  atata  oar  tain  foodaaaotal  paraoatara,  it  waa  lapoaaibla  to  find  thooo 
00  hawing  boon  actually  aaaaurad  aod  roportod  In  ’hair  aotiraty  la  tha 
warloua  oltad  axparlaaota  porforood  wiih  auoao  bolt.  ■».  It  1*  lndaod 
gratifying  that,  In  tha  taata  of  pradlotabllity,  tha  rowulta  ao  aoomalatloo 


1 


(Pi*.  6)  and  alial nation  of  CO  (Pig.  ti)  agrrod  as  wall  as  they  di* 

Thie  iu(|M ta,  should  future  naada  nri sa,  that  instead  of  asking  aat:.- 

aataa  of  mrioua  parameters,  It  ^111  bacons  desirable  ta  measure  thane 

! 

with  independent  wathoda  capable  of  detecting  all  cf  the  aao aasary  factors 
iawolvad  ia  tha  ooaputatioo  of  a  giren  parameter.  Tha  presently  app;-eo- 
latad  parameters  uan  bt  listed  acoordlng  to  dsorsaalng  ordar  of  absolute 
precision  of  mansuretion  ranging  froa  arrara  of  ♦  0.5  par  osnt  to  _♦  5 
par  oaat,  or  somewhat  acre,  aa  followai  Pj^Q,  Xq,  PJfC0, 

V(^,  t(j02«  V*,  end  Kqq.  These,  in  part,  ara  aueoolated  with  tha 

oenstanta  d  and  a.  Purthar,  ia  tha  trua  stataaont  x*yaa-1,lt 
waa  oca  rani  ant  to  lat  a  -  0,  vhara  •  ia  tha  proportion  of  total  func¬ 
tional  or  ta  rial  hsmoglobin  occurring  aa  reduoed  hsmoglobin.  It  waa  aot 
only  ooovaniant  but  also  naoaaaa^~y  haoauaa  of  look  of  full  information 
to  iatarralata  oartain  of  tha  above  baaio  parameters,  thus  saorlfiolng 
sons  praeiaion. 

Tha  arro r  involved  ia  equating  Tj  and  Vj|  la  nagligibly  anall. 

a  a  •  • 

Vi  tain  fairly  wida  Halts  ?0o  *  0*°*9®  Til  TC0j  *  °*®3  *3%*  **  o*» 
ha  shown  that  Vy  .  1.009  Pg,  thua  ellalnsting  tha  naoaaalt/  of  ool- 

a  • 

laotl..*  information  on  Vj^.  Purthar ,  from  tha  latarralation  of  V^ 
and  fA  (Pi*.  1 ),  it  baoonaa  poaalbla  to  dismiss,  though  with  oartain 
adagiwlaga  (hyparpusa,  0^  dabt,  ato.)(  tha  nsoaaelty  of  raportia*  waluaa 

a  • 

of  T^.  Sanaa,  thraa  baaio  parasstors  tarn  ba  expressed  ia  tarrno  af  TA 
vtioh  is  rary  closely  ralatad  to  (Pi*.  2),  a  paraaatar  easily  aaaaurad 
and  of  tan  reported.  although  spsoiall  tad  lirraatigatora  ta  data  have  not 

a 

ra ported  on  tha  reletlonehlp  of  with  2Bb  *ad  TA,  thair  data  ara 
highly  suggestive  of  ouoh,  at  least  to  within  a  presently  wui table 
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degree  of  preeisioa  which  could  certainly  bo  improved  in  future  atudiae. 
Therefore,  the  nln*  presently  ipp»  utttd  p*a*a»vcre  dooroooo  to  aii  in 
and  ooaaiot  of  the  follovlugi  T,  Xg,  fjfcct  *1*  ■*d3C®b- 

oertaialy  afcould  bo  accurately  aeasured  and  reported  in  studies 
using  CO  h  i  treoer.  laoaf  those,  tho  only  om  ohloh  is  difficult  to 
oo^rebead  is  ZHb  booauso  this  obviously  includes  aaa-oiroulatlng  heao- 
globln  (or  its  equivalent).  Several  schools  of  iavestigatora  have  indi- 
ostod  that  the  noa-olroulatlng  beaoglobia  is  about  1$  per  osat  of  the 
circulating  heaoglobln.  A  seine  of  reporting 21b  would  be  to  asasure 
the  total  olrouiating  heaoglubin  by  oae  of  verioue  aethode  sal  then 
aultlply  this  by  a  faotor  of  1.1$  (26). 


Concerning  the  CO  build-up  la  the  functional  residual  oapaeity  of 
tu?  lungs,  it  sas  stated  early  in  the  above  derivations  t*»t  Tyx) 
spproaehee  ssro  ss  tbs  exposure  ties  in presses,  lbs  quantity  of  gsa 


which  builds  up  the  CO 


ocnoeatretloa  in  the  1  taiga  say  bs  appreoiabla,  aepaoislly  if  the  inspired 
CO  oo-ioantratlon  Is  high.  This  is  apparent  shea  It  is  noted  that  at 
equilibria  ?ifro  approximately  squala  f^gQ,  and  that  thia  partioular 
equillbriun  la  rapidly  approached  in  the  lunge.  If  the  exposure  is  of 
long  durst  ion,  the  quantity  does  not  have  aaoh  offset  aiaee  It  la  aaall 
to  the  total  CO  in  the  blood,  for  high  Inspired  oeaoeatratlc 
rlly  having  short  exposure  tiaee,  the  quantity  beaaaae  aigrufi- 
oeat.  In  aoet  of  the  data  referred  to  by  the  authors,  the  exposure 
tinea  ears  probably  sufficiently  long  to  permit  disregard  of  this 
quantity.  Za  the  foe  oeeee  ah ere  the  exposure  tines  were  short,  the 
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data  war*  such  that  eatiaatioe  of  thia  quantity  aaa  lapoooibla.  Banca, 
it  «aa  nag  lac  ted,  al though  a  thoroughly  aoaplete  ayataa  ahould  contain 
tha  tar., 

It  vaa  atatad  prior  to  aquation  4  that  x  ♦  y  -  1.  Thia  would  ba 
trua  if  tha  Oj  and  00  praaauraa  vara  auffieiaatly  high  ao  that  benogloblu 
baoaaa  fully  aa  turn  tad  with  Oj  «ad  00  on  its  paaaago  through  tha  lung  c*«- 
illarlaa,  and  a  ahunt  never  aziatad  ahloh  byyaaaad  thaaa  oapillarlaa.  tha 
ralationahip  ahould  oorrvotly  ba  atatad  an  x  ♦  y  ♦  ■  •  1  whara  a  perhape 
oould  ba  laflned  aa  fvnotiona  of  and  togathar  with  a  ahunt 

factor.  Al togathar  thia  would  alightly  affaot  tha  ooaputation  «  x,f1. 
for  aubjaot  JL  in  Table  1,  ainoa  a  ■  0.17,  x#j1  -Jo.8)  ♦  l.jiv/c.adl^j”1. 
0.1)1  iaataad  of  tha  value  0.1*7  ahloh  ana  owjuti*  an  tha  aMfttptlea 
that  a  >  o.  Thia  aubjaot  had  an  amaadlagly  larga  praportloa  <  i  raduoad 
hanoglobln  in  tha  ayotanlo  artarlal  blood,  daa  to  hla  belug  oxpoood  for 
oaaaral  houro  to  a  ainulatod  altitude  of  1),000  foot,  yat  tha  oalcr.il  a- 
tlon  of  x.  la  ooarooly  affootad  in  thia  liatanoa. 

Thara  hara  now  boan  naatloaad  aany  raflaanantn  to  tha  present 
ayataa  vhioh  oartalnly  aaaa  lapartant.  It  aaa  lataadad  to  aaka  tha 
•yataa  aa  staple  aa  poaaibla,  and  aany  opprexiaationa  warn  aaaaaaarlly 
aada  to  keep  it  ae.  The  praaant  laak  af  aaaeered  peraaaters  oartalnly 
oould  load  to  inadequate  iatarprotatiaan.  far  azaaplo,  ahaa  tea  poaaibla 
rafioaaonta  (tha  produotloa  and  oxidation  of  00)  ware  inaludad,  tha 
raaulting  axpraaaion  Tor  x#>)  aaa  aooa  aara  oaapiloatad  aad  did  aot 
o«raa  >ith  reported  value#,  rt  la  bollavad,  hawaaar,  that  if  all 
fantoro  ware  taken  lata  aooount,  and  tha  paraaatero  wnoaaaary  for  their 
oeloulatloa  vara  adequately  dataraiaad,  tha  oaaplata  aya'.aa  oould  ba 
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iBpTOVtd  bc^TOOd  It*  pr*a*nt  capabili ti**.  Tb#  doolga  acd  oxocution  of 
tqwlMnU  obloh  •haul!  oaablo  inT#otigatlc*i  c f  tb**#  wari ou»  id***, 
aro  bolnc  oanaldorod.  dinut*  qumtiti**  of  C^O  oould  b*  **ftljr  um4, 
*od  it*  aoou*ul*tioa  and  aliaiaation  fro*  tb*  hu**n  bodjr  oould  b*  4*- 
t*ot*d  oontiauoualjr  with  *  ribratlo*  r**d  *l*otroa*t*r. 

icnanMxmrt 

Tbia  *070*7  of  ooloo  tod  llt*r*tur*  *ad  tb*  bull  din*  of  *  pro- 
dlotloa  *7*t«*  atartad  at  tb*  r*o*ot  annual  aactlaca  of  tb*  f*d*rat*d 
S*«i*tl**  of  txparlaaatal  Uolocr  *ban  Mr.  A.1  la*  Claffcom  (Lind*  Co*- 
pony),  obo  ba*  loot  b**n  int*r**t*d  1*»  ataadard*  for  br**tbla*  pa***, 
aafcad  la  brl*f  "Would  100  p.p.a.  of  CO  b*  daaforoua  to  SCOXA  aiv*r*  or 
•bould  tbla  aorar  aawaad  20  p.p.n.  T*  At  a  total  of  tbr**  atno*pb*r*a 
«ltb  an  aablant  flon  of  10  lit«r*  ala-1  a  fairly  largo  ana  startla*  at 
2  par  nat  carbexjrb**oflobia  oould  roaob  m  oqullibriun  l*r*l  of  12.9 
par  ooat  oban  breathing  100  p.p.n.  of  CO.  After  100  nlautoo  of 
afipnwra  tb*  lev*l  oould  b*  only  3.4  por  o«nt.  After  1,000  alaut** 
tbl*  would  rl**  to  10.2  p*r  ooat.  Ca rboxyboaogl obla  lor* la  no  loo  a* 
tb***  oould  *l*wat«  tb*  threshold  for  rial a*  la  dl*  light  (26),  but  It 
la  doubtful  If  otbar  pbjralologloel  fuaotion*  oould  b*  oerioualy  af- 
footod  during  porloda  of  tin*  spant  in  auob  dinag. 
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HM  1.  Prediction  *f  itiiiy  atata  equilibria,  i,  ^  and  x~  ),  and 
aa^pariwn  *itk  *— « or  ad*  ralu*  (taand  am  data  of  Llliaathal,  Hilo/, 

Plraaaaal(  and  Frank*,  4). 
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Tabla  ).  fradiotioe  of  CCBb  m  a  funot.  oo  of  tiaa,  x,  in  tasts  lasting  up 
to  300  alautoo  oa  tkirijr-wo  ooo  it  two  diffsrant  pr*Mtm  Than  bra* thing 
air  witk  oo  littla  oo  90  porta  por  al lllon  of  00  (baaad  on  dot*  of  taoa,  It. 
T. ,  Ooeaolaslo,  Alto  and  tabaka,  21). 
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0.3*8 

vm 

13.6 

740 

1.0 

30 

0.627 

0.069 

0.289 

0.289 

Dll 

14.7 

777 

» 

m 

0.628 

0.024 

0.241 

0.270 

nx 

13.2 

731 

• 

M 

0.627 

0.050 

0.290 

0.26* 

m 

14.) 

861 

1.72 

15 

0.738 

O.i*? 

0.236 

0.230 

BBS 

17.5 

830 

1.87 

IB 

0.760 

0.072 

0.308 

0.265 

BAO 

14.5 

749 

2.18 

M 

0.787 

0.042 

0.304 

0.3)8 

3BA 

19.7 

905 

1.42 

20 

0.707 

0.064 

0.)01 

0.261 

CAT 

•  3.8 

805 

1.41 

a 

0.702 

0.054 

0.255 

0.261 

JAB 

16.5 

747 

1.29 

a 

0.690 

0.008 

0.229 

0.248 

BTB 

1).5 

713 

0.90 

30 

0.604 

C 

O 

• 

O 

0.220 

0.247 

no 

14.4 

800 

0.90 

30 

0.601 

0.08? 

C.266 

0.2)6 

Table  3  (Coat'd) 


Subject 

al  aln- 

^Eb 

f 

'l.CO  <’f) 

al  al" 

t 

al  n 

Vi 

lo 

pred. 

X 

reported 

X 

KZV 

14.0 

7.18 

0.94 

30 

0.612 

0.089 

0.278 

0.295 

u* 

11.9 

714 

0.55 

45 

0.478 

0.036 

0.18) 

0.193 

13.4 

683 

0.56 

M 

0.488 

0.030 

0.196 

0.254 

m 

19.8 

795 

0.57 

39 

0.491 

0.018 

0.179 

0.200 

1AT 

6.7 

7 52 

0.92 

30 

0.592 

0.018 

0.133 

0.121 

1*1* 

9-8 

740 

0.09 

240 

0.129 

0.000 

0.045 

0.063 

Ml* 

9.2 

795 

41 

*80 

0.126 

0.033 

0.055 

0.078 

IK* 

5.8 

816 

N 

210 

0.127 

0.004 

0.046 

0.073 

ADD* 

5-7 

786 

0.18 

300 

0.226 

0.098 

0.130 

0.165 

■AT* 

4.6 

7'0 

« 

m 

0.229 

0.035 

0.110 

0.150 

*1  •  J2)  am  If  •  10,000  ft.  lUsdwd  altitude  vitb  ^  ikmn  as  tW  floe 
at  ttet  altitudei  ail  otter  subjeots  vara  at  aaa  level  |  Jfb  warn  am el#ied 

to  te  429  «  (a2)"1. 


Table  4.  Variation  la  tte  partition  oeeffioient,  a,  end  ite 
ellfbt  effect  ea  aatlolpeted  levels  of  oaxboqrteaoflobla,  *(t). 


a 

*e 

*10 

*40 

*120 

170 

0.538 

0.095 

0.706 

0.384 

190 

0.565 

0.096 

0.210 

0.396 

210 

0.590 

0.096 

0.213 

0.406 

230 

O.611 

0.097 

0.215 

0.415 

Olveai  FIf0?  •  0.21, 
10,000  al  ala’1,  lib 

*I,C0  •  0.001,  F  •  760  m  Zg,  i| 

•  800  frees,  sad  x^  •  O.C50 

• 

Pig.  1.  Balatior.ah.p  :***-.  ratas  A  nyg* ri  - 1.2*;:  or.  hr.d 

sf  tlvaolar  vj-.f.  is  - :  ..i  ir.  ran  and  *i_»*r.  l.rir.g  reel 
ax*!  •»£■"".««  l-et«c  .:■  of  ?  xiay  at  t<~.  :  dnc 

“ftiTino  t  4  ; 

Pig.  2.  Bal  ationahin  t*  .ii*.;  :  ataa  A  alveolar  ar.d  axpiratory 
flow  in  Hr  and  .;c*r.  S  ir  ' .ca  r»»t  and  u«rc:i»  :  baaa.1 
on  data  of  Pii.aj  a_t  ai.  ij  ar.d  Turinc  a_t  al  14) 

Pig.  3-a)  Diffnaing  capacity  A  tr.*  lunga  for  carton  acncxida 
ooaparad  ».tn  a.-.ac.ar  rlow  rata  (baaad  on  data  of 
Torino  at  al  14  ard  Bataa_*_t^l  1?.  ♦•*'ing  mm*R 
valuaa  d-tring  reat  aro  crerciaa  of  tr#:r  san  ar.d  acaan 
aubjacta). 

b)  Ralaticnjxup  aiff -aing  capacity  and  total 

haaoglobm  (cat. aatoJ  according  to  SjJatrand,  6)  whan 
alvaolar  flow  approa.caa  rare 

Pig.  4.  Coaparing  pract  ctac  d‘ff»aing  capaoitlaa  fcr  carbon 
•on oxl da  nth  ttva*  raporrad  fro#  thraa  laboratoriar 
(Poratai  •_£_  ai_,  lacla#  2  and  2,  raf .  18;  Porbaa  at  al . 
Tabla  5,  raf  19.  &****<£  &±  .  Tabla  III  raf  20,'. 

Pig.  5-  Comparing  tna  prad.c  .  tcna  of  ataady  stata  aqulllbrla 

acbiavad  by  a  alng.*  flex  of  carbon  ■cnoxidt,  x^j,  and 
a  trlpla  flex  xe  »,  with  '  eaaauraa'  valaaa  of  x^ 

(baa ad  on  data  of  Li.iiar.taal  at  al  .  4) 

Pig.  6.  Pradictlon  of  -'oca  oarb:e>.'.Mcglcbin  aa  a  proportion  of 
total  haaoglcblr.  •<  '  :•  tiaa thing  a' char  air  or  oxygan 
•ix’uraa  conta.r  rg  i».-»  .f  carlor.  »cn:xi4#  beth  at 
aaa  lavai  and  at  t  !..•>.«  altitudaa  (baaaa  on  data  of 
Porbaa  at  ai  ;  ar.i  P*ca  a_t  a^.  ,  21 ) 

Pig.  7.  Staady  atata  •4-:...:.  .*.ait  of  cartoxyhaaoglocm, 

x.  *:  »t  van...#  .  ;e-.trai:ora  of  ir.spiraa  oarten  »oo- 


Pl«.  5. 


Pig.  6. 


orida  in  air  ar.a  >'  ,  oar.t  cxygax.  Crivan<  7g  * 
10,000  «'.<*.  >■  '  P  -  co  aa  Bg  Zfft  «  8O0  g.  w. ,  anl 

1  -  C  ol- 

Aooumlaticr.  A  .«  aa  a  function  of  tia*, 

x(ti,  wow.  or*.  .«x  oir.oar.ti'at.ont  of  oar>>n*i 

•onoxlda  rax  .  *  10  OOO  al  •:r,"1  P  • 

760  aa  Hg  Zrfb  •  <00,  g*  jx-ji  and  i0  »  0  0? 
for  Dutpoaao  :f  ..  .-a.  arar  ton  Ptaa  8  thr 


Pig.  8. 


Pig.  9.  Accuauia . :on  A  „ix f .«) ••.♦«cgl  oti  n  aa  a  f  -notlcn  .f  ti 
x(t).  whan  bra*  ». . rg  a.  otffarant  flcv  ratas-  Otvani 
Pi  CO  •  ■'«<  ^  P.  c  *  -  -5  P  *  iiO  u  Hg.ZBb  «  80C  g 
ana  x^  •  0  0? 


grum, 


r\g.  1C.  ioetwulation  of  carboxyhanoglofcin  aa  i  function  of  tlM, 
z(t),  in  aocordanoa  wi th  different  c'laatitiea  of  total 
bodjr  h$*o*{ioMn  in  gram*.  31  vent  ?j,C0  *  10“^t  rZ  Q?  m 
0.21,  Vg  .  10,000  al  ■In"1,  t  -  760  m  3g,  and  x0 
0.02. 

Fi«.  11.  Iliainatioa  of  oarboxybano^lobln  aa  a  function  of  ti»a, 
x(t)  «n«n  braatbln*  air  or  98  par  oant  ax?g*n  at  tbiae 
different  total  aabient  praeaurea.  Oirani  Fj  gg  » 

10~5,  fj  -  .  0.2)  or  0.98,  P  ■  0.5»  1.  or  2  atnoapharea, 
^  -  10,4CC  al  nin-1 ,  £Hb  -  800  «mne, « d  x0  -  0.60. 
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ALVEOLAR  AND  EXPIRATORY  FLOW 
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PREDICTION  OF  STEADY  STATE  COHb 
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PREDICTION  OF  COHb  ASA  FUNCTION  OF  TIME 
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COHb  AT  VARIOUS  TIMES  a  RATES  OF  VENTILATiON 
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